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Abstract
This paper analyzed the control strategy of dynamical reactive power in AC/DC hybrid power grid, and presented the 
limitation of the control strategy based on location bus voltage, which can improve the transient stability under AC 
line faults but not DC block faults. Thus, control strategy of STATCOM based on real-time wide-area signal was 
presented by introducing the tie-line power flow of power grid. To consider the transient stability, the dynamical 
stability and the voltage stability at the same time, a nonlinear control mode in sections is also proposed. Simulation 
results showed that the control strategy would increase the transient stability and improve the dynamical stability of 
the AC/DC hybrid system under AC line faults either DC block faults
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1. Introduction
Traditional dynamical reactive power compensation generally takes location bus voltage or current as 
the input signal to maintain the location bus voltage, or to add damping control. This control strategy has 
a good adaptability in AC system, which can not only support node voltage but can also; improve the 
system stability under serious AC line faults [1]. While DC block faults, strategy based on local bus 
voltage will decrease the transient stability because of the delay drop of filter capacitor. Traditional
control strategy can not improve the transient stability under DC block faults. 
This paper proposes a kind of control strategy by introducing the generator speed and the tie-line active 
power flow based on real-time wide-area signal. Simulation results show that the control strategy would 
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increase the transient stability and improve the dynamical stability of the AC/DC hybrid system under AC 
line faults as well as DC faults [2, 3].
2. Control Strategy of Dynamical Reactive Power Compensation
2.1. The present control strategy of dynamical reactive power compensation
Presently, input signal of dynamical reactive power compensator SVC is usually selected of the 
advanced high side bus voltage, which successively passes sampling and demodulation (time constant T1), 
DC blocking control unit , lead and lag control unit (time constant T2.T3.T4.T5) and then the output 
control unit (thyristor output time constant Ts). Output of dynamical reactive power then comes into low-
side bus, which is shown in Fig. 1:
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Fig. 1. Typical SVC control system
In the single machine infinite bus system, generator electromagnetic torque constitutes of synchronous 
torque and damping torque, and damping torque is ahead of synchronous torque 90 degrees. When 
reactive power output of SVC is proportional to bus voltage difference mU∆ , the synchronous torque 
coefficient will be improved, which means the first power-angle stability will be increased, but the 
damping torque cannot be improved; When reactive power output of SVC is ahead of bus voltage 
difference mU∆ appropriately, the damping torque will be improved but the synchronous torque will be 
decreased [4].
2.2. Need of reactive power control in ac/dc hybrid power grid
Sichuan power grid is now the UHV (ultra high voltage) AC/DC hybrid power grid, which means 
reactive power compensation, is necessary for AC line faults and DC faults. Reactive power control 
strategy is complex. This paper is based on STATCOM to study the reactive power control of AC/DC 
hybrid power grid. 
AC Line Faults
From the observation of power oscillation of the tie-line power flow of Sichuan and Chongqing power 
grid, it can be seen that STATCOM can increase the transient angle stability and transmission limit when 
the reactive output has no lead or lag control unit. At current, the low static stability and transmission 
limit of tie-line between Central China and North China is one of the main bottlenecks for Sichuan 
hydropower to be transferred to outside, and the oscillation frequency between Central China and North 
China is one third of that between Sichuan and Central China power grid. When the reactive output of 
STATCOM is with a lag unit, the STATCOM can also provide a transient high compensation, which can 
reduce the NY ultra-high bus(bus i of tie-line between Central China and North China power grid)
voltage drop and won’t affect the first power-angle between Sichuan and Central China. When the 
reactive output of STATCOM is with a lead unit, the lead control unit will affect the first power-angle, 
while system damping performances will be improved.
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Fig. 4. Reactive power output under AC Line faults
Suppose a 150MVA STATCOM is installed in SZ substation. When fault occurs in line of JS-TX,
simulations are separately given in case of control system with lead control unit, control system with lag 
control unit, and control system without lead control unit or lag control unit. The oscillations of power-
angle between Sichuan and Central China are shown in Fig. 2. The NY bus voltage drop is shown in Fig.
3. Reactive power outputs are shown in Fig. 4. From the simulation results of Fig. 2 and Fig. 3 it can be seen 
that the first power-angle stability should be improved when control system with no lead and lag control 
unit or with lag control unit. Tie-line would be disconnected at low voltage between Central China and 
North China power grid when control system with lead control unit. Adopting lag control unit is the best 
choose to increase the tie-line voltage and avoid disconnection. 
DC faults
When DC blocks, the main bus voltage of Sichuan power grid will increase for the filter capacitor in 
parallel, and it will still increases slightly even if the filter capacitor is removed, which is shown as Fig. 5. 
Suppose STATCOM is working in capacitive power reserve, dynamical reactive power will not discharge
effectively when DC blocks. When location bus voltage is taken as the input signal and the control system 
adopts lag control unit, then STATCOM is almost useless, which is shown as Fig. 6. When the control 
system adopts lead control unit, output of STATCOM can decrease the first power-angle and damp power 
angle oscillation. The power-angle oscillation of Sichuan and Central China under DC block faults is 
shown as Fig. 7.
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Fig. 5. The main bus voltage of Sichuan power grid under DC block      Fig. 6. Reactive power output of STATCOM
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Fig. 7. Oscillations of power-angle between Sichuan and Central China under DC faults
According to the analysis results under AC line faults and DC faults, to improve the system stability, 
the dynamical reactive power output should be lag behind the control voltage difference mU∆ under AC 
line faults, and the output should be ahead of mU∆ under DC faults. In AC/DC hybrid power grid, the 
control strategy based on location bus voltage cannot satisfy the need of dynamical reactive power output 
under AC line faults or DC faults at the same time.
3. Control Strategy of Dynamical Reactive Power in AC/DC Hybrid power grid
To satisfy the need of dynamical reactive power output under AC line faults and DC faults, control 
strategy of STATCOM based on real-time wide-area signal was presented by introducing the generator 
speed and the tie-line active power of Sichuan and Chongqing power grid. When active power in the tie-
line is taken as the additional input signal, the power flow of this tie-line will grow quickly as the Sichuan
generators speed up in either case of AC line faults or DC faults. Take ( ) /s lQ K h s dp dt= , where lp the 
active power of the tie-line, K is is amplifier gain, ( )h s is phase compensation. Phase difference of the
active power and the reactive power in the tie-line power flow now can be calculated by Prony analysis 
method [5,6]. Take this phase difference as the additional input signal of STATCOM, then capacitive 
power will be output by STATCOM in either case of AC line faults or DC faults, and the transient 
stability will be increased. Control system of STATCOM based on real-time wide-area signal is shown as 
Fig.8. To consider the transient stability, the dynamical stability and the voltage stability at the same time, 
a nonlinear control mode in sections is proposed. In the first oscillation period, large lag control unit of 
reactive compensation is required to reduce the drop of NY bus voltage. After the second oscillation 
period, reactive compensation use lead control unit to damp oscillation between Sichuan and Central 
China. When the oscillation is small, neither lag control unit nor lead control unit should be adapted to 
reactive output and the bus voltage stability become the goal of reactive control.
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Fig. 8. Control system of STATCOM based on wide-area signal
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4. Simulation results
Suppose a 150MVA STATCOM is installed in SZ substation. The location bus voltage is taken as the 
control point voltage, and active power of HG-BQ line which is the tie-line of Sichuan and Chongqing 
power grid is taken as the additional input signal for wide-area control. When sampling time constant of 
location bus voltage 1 0.02T = , time constant of wide-area signal 2 0.2T = , time constant of DC 
blocking 1 2 6w wT T= = , time constant of STATCOM output 0.02sT = . The controller lead and lag 
parameters are as Table.I.
Table 1. The Controller Lead and Lag Parameters
Location  Control 12
T 13T 14T 15T 1pK
0.5 2.0 1 1 200
Wide-area Control 22
T 23T 24T 25T 2pK
0.32 0.16 1 1 8
When AC Line Faults occur, the comparison in Fig.9 shows the power-angle difference of location 
signal control and wide-area signal control is almost the same in first oscillation period, while dynamic 
stability is much higher. When DC faults occur, the comparison in Fig.10 shows both the transient
stability and the dynamic stability of wide-area control is better than location control.
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Fig. 9. Comparison of wide-area signal control and location signal control under AC Line faults
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Fig. 10. Comparison of wide-area control and location control under DC faults.
5. Conclusion
The Analysis for Sichuan AC/DC hybrid power grid faults shows that the control strategy of dynamical 
reactive power based on location bus voltage can only satisfy the need of dynamical reactive power 
output under AC line faults or DC block faults only. In this paper, control strategy of STATCOM based 
on real-time wide-area signal was presented by introducing the tie-line power flow. Simulation results 
show that the control strategy would increase the transient stability and improve the dynamical stability of
the AC/DC hybrid system at the same time.
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